O nce knowledge has been adapted to local context and the barriers to and facilitators of use of knowledge have been identified, 1 we must select, tailor and implement interventions for the uptake of knowledge.
O nce knowledge has been adapted to local context and the barriers to and facilitators of use of knowledge have been identified, 1 we must select, tailor and implement interventions for the uptake of knowledge. 2 This article provides an approach to selecting interventions for knowledge translation.
How would we select interventions to translate the knowledge from practice guidelines and research into practice? For example, major variations in the treatment of chronic heart failure have been found repeatedly. In one survey, use of β-blockers in primary care ranged from 10% to 50% between countries, and use of angiotensin-converting enzyme (ACE) inhibitors ranged from 50% to 75%. 3 Differences in the recommendations of national guidelines were not sufficient to explain this variation. 4 Comorbidity explained some of the variation, but 14% of prescriptions were related to characteristics of patients that were not aligned with evidence. 5 A study of barriers to adherence to guidelines related to heart failure showed that many family physicians found it difficult to change treatment initiated by a cardiologist. Titrating the dosage of ACE inhibitors and initiating ACE inhibitors in patients who were already using a diuretic or were stable on their current medication were perceived as barriers. 6 Interventions to facilitate the uptake of research could include training for physicians (e.g., to learn about titrating the dosage of ACE inhibitors), the use of opinion leaders to influence patterns of prescribing by cardiologists, or the provision of financial incentives to physicians for each patient with heart failure who is treated according to guidelines. Alternatively, educators could better inform patients and their families about appropriate care in the hope that they will ask for such treatment in future consultations with clinicians. Ideally, the selection of an intervention for knowledge translation should be guided by research-based evidence of the effectiveness and efficiency of the various interventions. However, this evidence cannot explicitly guide our decisions in all situations and circumstances. Therefore, in addition to science, we will need some artistry to choose or design the intervention. 7 A review of all of the evidence on developing and selecting interventions is beyond the scope of this paper; instead we will summarize available systematic reviews. 7, 8 Many interventions for knowledge translation have not been well evaluated with rigorous studies. For interventions that have been evaluated, evidence suggests that their impact is variable and, on average, the effect size is moderate.
Several conclusions can be drawn from the literature. Available research focuses mainly on professional interventions, such as educational programs, feedback and reminders. The methodological quality is variable but moderate overall. The overall absolute change in professional performance is usually not more than 10% on selected outcomes, but this finding can be clinically or economically relevant.
Passive educational interventions, such as written guidelines, lectures and conferences, are unlikely to change behaviour if used alone. Active educational interventions, such as outreach-based visits, are more likely to induce change. Materials or websites for active self-study (e.g., for distance-based learning) can be effective.
Professional interventions that bring information close to the point of decision-making, such as reminders and decisionsupport tools, are likely to be effective. Patient-directed interventions, such as preconsultation questionnaires or decision aids, can support improvement of quality in some cases, but insight into their effects on quality of care is limited. Organizational interventions, such as revision of professional roles and enhanced teamwork, can influence clinical outcomes and efficiency in some cases, but their impact on uptake of knowledge is unclear.
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• The effectiveness of tailored interventions varies substantially, partly because methods of tailoring vary widely across studies.
• Multicomponent interventions for knowledge translation are not consistently effective either, partly because the definition of a multicomponent intervention is not clear.
• Research-based evidence can provide some guidance but cannot show decisively which intervention is most appropriate.
• Selecting interventions is an "art" that can be supported by using structured methods to choose objectives, identify barriers to change and link interventions to these barriers.
Financial interventions for patients or professionals influence how many contacts and procedures take place, which may be relevant for the improvement of quality (e.g., by increasing the volume of preventive services rendered). Their effect on the appropriateness of clinical decisions and patterns of practice is less clear. Moreover, evidence for the sustainability of these interventions is limited.
Experts in implementation suggest that a structured approach at various levels is needed to address professionals, patients, teams, organizations and systems of health care. 8 Structured approaches to planning for change have been developed in various scientific disciplines and include mapping of interventions, marketing, small-group quality improvement, management of change, organizational development and assessment of technology used in health care. 9 Whether these structured approaches result in better uptake of knowledge and which of their components are most relevant remain unproven. The models of planning for change propose approximately the same steps or stages, although the number of steps varies.
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Objectives of knowledge translation
An important step in the selection of interventions for knowledge translation is the choice of specific objectives for the program of knowledge translation. This step, known as goalsetting, can contribute to effective behavioural change.
11,12 The objectives should be related to outcomes for patients, populations and society. For instance, the objectives for improving treatment of heart failure could include higher survival rates (e.g., resulting from better use of ACE inhibitors and β-blockers) and lower costs for health care (e.g., resulting from fewer hospital admissions). Many objectives for knowledge translation have been defined in terms of specific changes in treatment or other aspects of the delivery of health care (e.g., more prescribing of ACE inhibitors and β-blockers). The expectation is that such changes result in better outcomes. Ideally, strong evidence would support this expectation, but in reality, such evidence is not always available.
Several methods can be used to select objectives for knowledge translation (e.g., a Delphi procedure). 13 A study showed, for instance, that about 30% of children seen in primary care with diagnosed urinary tract infection had not received antibiotics. 14 The researchers invited nine family physicians to consider what aspects of the primary care of these patients needed to be targeted in a program of knowledge translation. A Delphi procedure was used. In the first round, family physicians received a written questionnaire about 22 potential objectives and were asked to comment on and rate the clinical relevance of these objectives.
In the second round, the researchers reported the results of the first round and offered a number of revised objectives based on the feedback from round one. This procedure resulted in seven objectives, including "all children aged younger than six months with a (suspected) urinary tract infection are referred to secondary care for treatment" and "all children with a urinary tract infection have to receive follow-up contact, during which the patient's urine is tested by dipstick or urine culture, within three to five days after finishing the antibiotic treatment." In our example involving heart failure, we could ask family physicians to rate the clinical relevance of objectives derived from national guidelines for the care of these patients.
Indicators used to measure implementation
The objectives need to be defined with specific indicators that can be used to measure the degree of implementation. Clinical guidelines or other recommended practices can be analyzed to identify such indicators. The indicators should have good measurement-related properties, support from key stakeholders and high feasibility. As outlined in a previous article, 15 current best practice is a structured Delphi procedure with panels of stakeholders who review available evidence, followed by a test of the validity and reliability of the indicators in real practice settings. 10 For example, a European project on management of cardiovascular risk in primary care used a two-stage Delphi procedure to select indicators. 16 One hundred and one family physicians from nine countries were involved in both rounds of this procedure. From an initial list of 650 indicators, 202 indicators were derived, of which 44 were rated as valid (22%). These indicators covered lifestyle, clinical performance and organizational aspects of care. Different instruments were developed for the measurement of these indicators. In our example involving heart failure, we could use our practice guidelines to identify potential indicators and then use a Delphi process to ask family physicians to select those that they believe are evidence-based, feasible and clinically important.
Potential barriers to change
Most planning models suggest analyzing each chosen objective with respect to barriers to change. For instance, reducing the inappropriate use of proton pump inhibitors may be hampered by patients' resistance to changing their routines, lack of knowledge on the part of physicians (e.g., about the adverse effects of these drugs), organizational routines such as automatic delivery of repeat prescriptions, and financial incentives (e.g., more prescriptions translate into higher income for pharmacies). 17 Analysis of each objective in detail is usually not possible, so objectives have to be prioritized.
A wide range of methods exists for the identification of barriers to change 10 and was discussed in more detail in an earlier paper in this series. 1 Briefly, these methods can be divided into three broad categories. A first category comprises methods (i.e., interviews, questionnaires and group-based methods) to identify barriers to change as reported by professionals, patients and others. This type of method can be used simply or more scientifically, but its disadvantage is that the barriers reported may have little or no impact on knowledge translation in reality. An example is the study on barriers to changing treatment of heart failure (described above), which was based on semistructured questionnaires. 6 This study found that family physicians perceived, on average, four barriers in prescribing ACE inhibitors or optimizing the dosage of these drugs. However, no significant relationships were found between the barriers they perceived and the prescribing of ACE inhibitors.
The other two approaches are based on quantitative analysis of available data. A second category comprises the analysis of variation in practice with respect to its determinants. This approach requires large sets of observational data on variation in the delivery of health care across patients. The study of variation in the treatment of heart failure as a result of comorbidities or use of other medications was a good example of this approach. 5 A third category of methods involves the analysis of determinants of change after application of interventions for knowledge translation. This approach requires longitudinal data. An example is a meta-regression analysis of studies of the implementation of guidelines in hospital settings, which found some evidence for the influence of organizational factors on the effectiveness of interventions for knowledge translation.
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Linking interventions to these barriers
Once barriers to change have been identified, the next step is to link specific interventions to these barriers. This process is similar to the tailoring of a clinical treatment to a diagnosed health problem. 8 For instance, a project that aimed to reduce inappropriate long-term use of proton pump inhibitors in patients with dyspepsia focused on one specific barrier. This barrier was described as the routine provision of repeat prescriptions without evaluating its effectiveness or discussing its usefulness with the patient. We developed and successfully tested a letter of discontinuation for patients. 19 Another study found that some patients with nonspecific low back pain resisted advice to stay physically active and avoid passive physiotherapy. We developed and successfully tested a training session for physicians that included training in communication skills. 20 In our example involving heart failure, we developed outreach-based visits to family physicians with educational and organizational components. A trained nonphysician visitor helped to identify patients with chronic heart failure among the patients registered with the practice and encouraged the physician to involve the practice nurse more actively in the care of patients with chronic heart failure. Furthermore, she provided a written decision tree on pharmaceutical and nonpharmaceutical therapy of chronic heart failure that was based on prevailing practice guidelines for primary care of patients with chronic heart failure. A family physician with specific expertise in chronic heart failure was available by telephone for further questions.
Linking interventions for knowledge translation to barriers is difficult because providing clear guidance on how to proceed is challenging. Both exploratory and theory-inspired methods can be used. Exploratory methods are aimed at avoiding implicit assumptions about what would work, and instead advocate using an "open mind." Group-based brainstorming is used to identify as many solutions as possible to a problem. 21 For instance, a project was aimed at developing a lifestyle-specific program for patients with leg ulcers who visited dermatology departments of hospitals. A core feature of the program was the availability of a specialized nurse who had a counselling-based role and helped the patients identify options for improvements in their lifestyles. The researchers used group-based methods for the development of the program. 22 In our experience, the type of implementation-specific interventions suggested by participants can be anticipated. They tend to mention what they know, such as continuing professional education and solutions based on information technology. Involvement of a wide range of stakeholders in this process could contribute to the success of the knowledge translation program.
Alternatively, theory is used to understand the factors that determine variation and change in practice. 23, 24 For instance, indepth interviews of general practitioners in England were used to identify obstacles to implementing guidelines for depression. 25 For every comment that related to obstacles to change, a psychological theory explaining aspects of behavioural change in individuals was suggested by the team of researchers. The theory was then used to select the method of implementation.
A "common sense" use of theories would involve considering the chosen objectives and deciding which interventions are suggested by the theories to influence the determinants for change. This decision can be made in a group, so that the method used is close to the exploratory method. Suggestions about which interventions for knowledge translation could be linked to theory-based factors are provided in Appendix 1 (available at www .cmaj .ca /cgi /content /full /cmaj .081233 /DC1). No firm research-based evidence exists to support either exploratory or theory-based approaches to creating an intervention for knowledge translation. We suggest combining explorative and theory-based methods to select interventions. Explorative methods may help in the consideration of issues that were not anticipated. The use of theory might help to broaden the scope of factors considered and thus reduce the chance of overlooking important issues.
Factors to consider when using single or multicomponent interventions
Although early research suggested that multicomponent interventions for knowledge translation are most effective, 26 later research has raised doubts about this claim. 7 Multicomponent interventions were assumed to address a larger number of barriers to change and therefore to be more effective. However, research did not clearly support this claim. The difficulty of defining what constitutes a single intervention is a complicating factor. For instance, outreach-based visits that include instruction, motivation, planning for improvement and practical help (e.g., in our scenario involving heart failure) hardly comprise a single intervention. We suggest that multicomponent interventions could be more effective than single interventions if they address different types of barriers to change.
Gaps in knowledge
How comprehensive and systematic the analysis of determinants of change has to be is not clear. The added value of tailoring interventions for knowledge translation has not been proven. A systematic review on the effectiveness of tailored versus nontailored interventions did not show the added value of tailoring interventions to identified barriers. 27 An explorative review that included some of the same studies 28 found that many interventions for knowledge translation focused on a few cognitive factors specific to clinicians, such as gaps in knowledge, although a much wider range of barriers to change were considered in the studies of determinants of change.
Many projects related to knowledge translation are pragmatic activities and should be aimed at delivering an optimal effect at the lowest possible cost. Interventions for knowledge translation should not be aimed just at improving the delivery of health care, but also at sustaining improvements. Practitioners and managers have every reason to be critical about resource-consuming methods. More research is needed on the linkage between barriers to change and the choice of interventions related to knowledge translation. Defining testable hypotheses is a challenge for researchers, even in situations that are, to some extent, unique, and in complex programs of knowledge translation that address multiple issues and stakeholders. Research showing a sustained impact of interventions for knowledge translation is also needed. 29, 30 Specific areas requiring research include the effectiveness and efficiency of systematic development of interventions for knowledge translation compared with pragmatic, simple methods for choosing interventions. Another issue for study is how different stakeholders, including patients, are best involved in the development of interventions for knowledge translation. Continued research is needed on determinants of improvement in health care, so that knowledge on such determinants can guide the choice of interventions for knowledge translation.
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